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VALVE FOR REDUCING WATER HAMMER 

Technical Field 

The present invention relates generally to water delivery and water circulation 
systems, and more particularly, to water delivery and water circulation systems that use 
valves. 

Background 

Water delivery and water circulation systems are commonly used today in a wide 
variety of applications. For example, buried sprinkler systems are commonly used to 
irrigate lawns and other plants in both residential and commercial settings. Fire 
prevention sprinkler systems are commonly installed in buildings to help prevent the 
spread of fires. Water circulation systems are commonly used to heat and/or cool both 
residential and commercial buildings. These are just a few examples of water delivery 
and water circulation systems. 

Water delivery and water circulation systems often include a network of pipes. In 
many cases, one or more valves are used to control the water flow through all of part of 
the pipes of the distribution network. In some cases, the network of pipes is broken up 
into zones, where some or all of the zones can be independently controlled by one or 
more corresponding valves. As is known, when one of these valves closes quickly, the 
sudden interruption in water flow can cause a loud noise commonly referred to as water 
haromer, which is undesirable in most instances. 

The valves used to control the water flow can often be reversibly opened and 
closed to permit or prevent water flow. The valves sometimes can be opened and closed 
manually, or opened and closed automatically. Automatic control valves in use today 
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often include a motor or solenoid that can be energized to open and/or close the valve. In 
some instances, the motor can operate the valve in one direction, and a biasing element 
such as a spring or the like is used to return the valve to its original position when power 
is removed from the motor. Quick operation of the valve is desired for responsiveness 
5 but solenoid valves often cause the water hammer mentioned above, which can create a 
preference for rapid opening motorized valves. 

In one example, a valve can be constructed such that the motor is energized to 
open the valve, and springs are used to close the valve when power is removed from the 
motor. In this configuration, if power fails, the valve closes and no water flows through 

10 the valve. In other cases, such as in heating applications where an inadvertent lack of 
heat could be undesirable or even hazardous, the valve may be constructed such that the 
motor is energized to close the valve, and the springs are used to open the valve when 
power is removed from the motor. 

In either case, the valves are typically controlled by a controller. In heating 

15 and/or cooling applications, for example, the controller may be a thermostat. The 
controller can be a simple device merely providing on/off control in response to a 
temperature difference between ambient temperature and a temperature set point. Other 
controllers may be programmable, and can thus be programmed to follow a 
preprogrammed temperature profile that can include multiple daily temperature set 

20 points. In any event, the controller can instruct the values when to open and close to 
achieve the desired result. 

Often times, the valve will be instructed to close while water is flowing through 
the valve. As noted above, when a valve is closed quickly, the sudden interruption in 
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water flow can cause rapid changes in system pressure resulting water hammer, which is 
undesirable in most instances. Besides the acoustic disturbance, water hammer can result 
in pipe failure and floods in some cases. Some solutions to water hammer have been 
proposed. For example, one proposed solution in hydronic heating systems is to simply 
5 shut off the water pump that provides the water flow before the valves are closed. This 
solution, however, requires additional thermostat involvement and is not feasible if water 
flow must continue in other parts (e.g. zones) of the system. In addition, in potable water 
systems, water pressure is not provided by a pump that can be selectively deactivated. 
Rather, the water is provided by a municipal water source where the water pressure is 

10 provided by an unregulated mechanical pressure tank. 

Consequently, a need remains for a valve assembly that lessens or eliminates 
water hammer in water delivery and/or water circulation systems. In addition, a need 
remains for a convenient way to lessen or eliminate water hammer in currently installed 
water delivery and/or water circulation systems. 

15 Summarv 

The present invention generally relates to a valve assembly that lessens or 
eliminates water hammer in water delivery and/or water circulation systems. The present 
invention also relates to a valve assembly that is compatible with, and can be installed in, 
many existing water delivery and/or water circulation systems to help lessen or eliminate 

20 water hammer in the existing systems. 

In one illustrative embodiment of the present invention, the valve assembly 
includes a valve and an actuator assembly. The actuator assembly includes a motor that 
is powered in one direction, and has a limited retum speed in the other direction. In some 
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embodiments, the motor includes a brake that helps reduce or limit the rotational velocity 
of the motor when moving in the retum direction. In other embodiments, the actuator 
assembly or valve includes a brake to help reduce or limit the retum speed of the valve, 
as desired. 

5 In one illustrative embodiment, the motor is used to drive a valve to an open 

position, and one or more springs of the actuator assembly are used to drive the valve 
back to the closed position. In other embodiments, the motor may be used to drive the 
valve to the closed position, and one or more springs may be used to drive the valve to 
the open position. In any event, and in one illustrative embodiment, the motor may 

10 include a brake that helps reduce or limit the rotational velocity of the motor when the 
one or more springs are driving the valve back to the retum position. In other 
embodiments, the actuator assembly or valve may include a brake to help reduce or limit 
the retum speed of the valve, if desired. 

It is contemplated that the brake may include, for example, a govemor that uses 

15 friction to limit retum speed, a govemor that uses magnetic forces to limit retum speed, a 
transmission that changes the gearing ratio of the actuator assembly depending on the 
direction of movement, an electrical or electronic control method that reduces or limits 
the rotational retum velocity of the motor, or any other suitable brake that can be 
introduced into the system, as desired. 

20 The present invention may also be applied to damper actuators used to actuate air 

dampers within air ducts. The reduced retum speed of the motor may, for example, 
reduce the retum speed of the air damper, which may not only help reduce wear on the 
damper actuator, but may also help reduce damper blade speed for safety reasons. 
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The above summary of the present invention is not intended to describe each 
disclosed embodiment or every implementation of the present invention. The Figxxres 
and Detailed Description which follow more particularly exemplify these embodiments. 

Brief Description of the Figures 
5 The invention may be more completely understood in consideration of the 

following detailed description of various embodiments of the invention in connection 
with the accompanying drawings, in which: 

Figure 1 is a perspective view of a valve assembly including a valve and an 
actuator assembly in accordance with an embodiment of the present invention; 
10 Figure 2 is a perspective view of the valve of Figure 1; 

Figure 3 is a perspective view of a valve in accordance an embodiment of the 
present invention; 

Figure 4 is an exploded perspective view of the actuator assembly of Figure 1 ; 
Figure 5 is a perspective view of an actuator motor in accordance with an 
1 5 embodiment of the present invention; and 

Figure 6 is a top view of the actuator motor of Figure 5. 

While the invention is amenable to various modifications and alternative forms, 
specifics thereof have been shown by way of example in the drawings and will be 
described in detail. It should be understood, however, that the intention is not to limit the 
20 invention to the particular embodiments described. On the contrary, the intention is to 
cover all passive and active modifications, equivalents, and altematives falling within the 
spirit and scope of the invention. 
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Detailed Description 
The following description should be read with reference to the drawings, in which 
like elements in different drawings are numbered in like fashion. The drawings, which 
are not necessarily to scale, depict selected embodiments and are not intended to limit the 
5 scope of the invention. Although examples of construction, dimensions, and materials 
are illustrated for the various elements, those skilled in the art will recognize that many of 
the examples provided have suitable alternatives that may be utilized. 

The following description relates particularly to an illustrative water heating 
and/or cooling system. However, it should be recognized that the present invention may 
10 be used to lessen or prevent water hammer in any type of water delivery and/or water 
circulation systems, as desired. 

Figure 1 is a perspective illustration of a valve assembly 10 that includes a valve 
12 and an actuator assembly 14. Valve 12 may be any type of valve such as a gate or ball 
valve, a plug or globe valve, or any other type of valve. In the illustrative embodiment, 
15 the valve 12 can be opened or closed to permit or stop water flow through valve 12. 
Valve 12 has a valve stem that can be operatively secured to actuator assembly 14, as will 
be discussed in greater detail below. Actuator assembly 14 includes structure useful in 
actuating the valve stem of valve 12 to move between open and closed positions in 
response to a command signal from a controller, such as a thermostat. 
20 In the illustrative embodiment, valve assembly 10 can be employed in heating and 

cooling systems. In a heating system, a heat source such as a gas-fired or electric boiler 
is typically used to heat water to a suitable temperature and a pump or other motive 
source is used to pump the heated water through a distribution network of pipes to one or 
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more radiators, hot water baseboard heaters, encapsulated tubing such as in a radiant 
floor system, and/or the like. The distribution network can include water lines or pipes 
that extend from the heat source to one or several radiators and the like. In some 
embodiments, the distribution network can be deployed in a larger building such as an 
5 apartment or condominium building and can involve a large number of radiators, 
baseboard heaters or radiant floor systems, and in some cases multiple zones. 

Regardless of system size, one or more valve assemblies 10 can be plumbed into 
the distribution network to control the flow of heated water through the system. A single 
valve assembly 10 can be used to regulate water flow through a single radiator or 

10 baseboard heater. In some embodiments, each valve assembly 10 can be used to regulate 
water flow through several radiators or the like. 

In the illustrative embodiment of Figure 1, valve 12 includes a first fluid 
connection 16 and a second fluid connection 18. Fluid flow through valve 12 can occur 
in either direction, although as illustrated, first fluid connection 16 can be referred to as 

15 inlet 16 and second fluid connection 18 can be referred to as outlet 18. In other 
embodiments, such as discussed in greater detail hereinafter and as illustrated for 
example in Figure 3, some valves can include three or more fluid connections. This can 
permit fluid to be diverted and continue to flow even if flow is stopped through a 
particular region of a distribution system. In addition, this can permit mixing of fluid 

20 from two of the inputs to the third, if desired. 

Valve 12 is best illustrated in Figure 2, which is an exploded perspective view 
showing the components within valve 12. Valve 12 includes a valve body 20 having an 
upper portion 22 that provides a seat 24 suitable for O-ring 26 to seal against. An upper 
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valve assembly 28 including a globe valve 30 can rest within upper portion 22 against O- 
ring 26. Upper valve assembly 28 includes first and second mounting posts 32 and 34 
having mounting slots 36 and 38, respectively, as will be discussed in greater detail with 
respect to actuator assembly 12. 
5 Upper valve assembly 28 also includes a valve stem post 40 that includes an 

upper portion of a valve stem 42. Valve stem 42 can be operatively secured to globe 
valve 30 and can be engaged by actuator assembly 14 to move globe valve 30 between 
open and closed positions. In the illustrated embodiment, valve stem post 40 includes a 
vertical slot 44 that can be engaged by actuator assembly 12 as will be discussed in 

10 greater detail hereinafter. However, it is contemplated that any other suitable 
engagement mechanism may be used, as desired. A snap ring 46 is configured to fit over 
a top surface 48 of upper valve assembly 28 and fits within a groove 50 within upper 
portion 22 to hold valve 12 together. 

Figure 3 illustrates an altemate valve 52 that features a first fluid connection 54, a 

15 second fluid connection 56 and a third fluid connection 58. In this embodiment, it is 
intended that fluid that enters valve 52 by one of the three fluid connections 54, 56 or 58 
can always exit through another of the three fluid connections 54, 56 or 58. For example, 
if fluid enters valve 52 through first fluid connection 54, the fluid can exit through either 
second fluid connection 56 and/or third fluid connection 58, depending on the specific 

20 position of a valve disposed within valve 52. 

This feature is useful for example in heating systems that provide for recycle of 
heated water. Heated water can enter valve 52 through first fluid connection 54. If the 
valve is positioned to permit fluid flow out through second fluid connection 56, the 
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heated water can exit through second fluid connection 56 and continue on to a radiator or 
the Hke and no fluid will flow through third fluid connection 58. If, however, the valve is 
positioned to permit fluid flow out through third fluid connection 58, the heated water 
can exit through third fluid connection 58 and can return via a recycle line to the source 
5 of heated water for subsequent reuse and no fluid will flow through second fluid 
connection 56. This is sometimes known as diverting water flow or volume control of 
the water flow. The three port valve of Figure 3 may also be used for mixing, where fluid 
fi-om two of the ports are mixed and provided to the third port, if desired. When mixing, 
the valve may be positioned midway between the open and closed positions. 

10 The upper portion 60 of valve 52 is similar to that described with respect to valve 

12. First and second mounting posts 62 and 64 include mounting slots 66 and 68, 
respectively. A valve stem post 70 includes a valve stem 72 that is operatively connected 
to a valve (unseen) within valve 52. In the illustrated embodiment, valve stem post 70 
further includes a vertical slot 74, but this is not required in all embodiments. 

15 An illustrative embodiment of actuator assembly 14 is been seen in Figure 4, 

which is an exploded perspective view showing the components within actuator assembly 
14. A lower housing 76 is formed from a lower plate 78 and a first side plate 80 that can 
be integrally formed with lower plate 78 or can be formed independently and then 
subsequently secured to lower plate 78 using any suitable technique such as crimping or 

20 soldering. A second side plate 82 having an aperture 84 completes lower housing 76. 
The second side plate 82 may be integrally formed with lower plate 78 or can be formed 
independently and then subsequently secured to lower plate 78 using any suitable 
technique such as crimping or soldering. 
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Depending on the wiring requirements of the motor and any sensors that may be 
employed within actuator assembly 14, a grommet 86 may or may not be present within 
aperture 84. For example, actuator assembly 14 may include a position sensor that can 
provide a thermostat with information regarding the relative position of the valve. 
5 As illustrated, lower plate 78 includes a number of apertures of varying sizes. In 

particular, a first hole 88 is sized to permit first mounting post 32 (see Figure 2) to extend 
upwardly through lower plate 78. A second hole 90 is sized to permit second mounting 
post 34 (see Figure 2) to extend upwardly through lower plate 78. A somewhat larger 
third hole 92 is sized to permit valve stem post 40 (see Figure 2) to extend upwardly 
1 0 through lower plate 78. 

Lower plate 78 further includes holes 94 that can be used to secure a retention clip 
96 to lower plate 78. Retention clip 96 functions with a release spring 98 to releasably 
secure actuator assembly 14 to valve 12 (see Figure 1) as retention clip 96 snaps into 
holes 94 and secures release spring 98. In some embodiments, retention clip 96 can be 
15 configured to secure both sides of release spring 98. In other embodiments, as illustrated, 
retention clip 96 can be configured to secure a single side of release spring 98. 

Lower plate 78 can be positioned over valve 12 such that first mounting post 32, 
second mounting post 34 and valve stem post 40 (see Figure 2) extend through holes 88, 
90 and 92 as discussed above. Release spring 98 includes a first curved portion 100 that 
20 is configured and positioned to interact with mounting slot 36 of first mounting post 32 
and a second curved portion 102 that is configured and positioned to interact with 
mounting slot 38 of second mounting post 34. In some embodiments, release spring 98 
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can also interact with a mounting slot (not illustrated) in valve stem post 40 (see Figure 
2). 

Release spring 98 can be biased into a position in which first curved portion 100 
and second curved portion 102 extend into mounting slots 36 and 38, respectively. 
5 Depressing release spring 98 can cause first and second curved portions 100 and 102 to 
move out of engagement with mounting slots 36 and 38 so that actuator assembly 14 can 
be removed from valve 12. 

Actuator assembly 14 also includes a motor mounting plate 104 that has an 
underside 106. A sector gear 108 having a raised pivot point 1 10 is mounted to underside 
10 106 by extending raised pivot point 110 through an aperture 112 present in motor 
mounting plate 104. A pivot bar 114 having a first end 116 and a second end 118 fits 
within a slot (not illustrated) on the underside of sector gear 108. 

A first spring 120 has a first end 122 and a second end 124. First end 122 of first 
spring 120 is secured to a mounting point 115 positioned on second side plate 82 while 
15 second end 124 of first spring 120 is secured to first end 1 16 of pivot bar 114. A second 
spring 126 has a first end 128 and a second end 130. First end 128 of second spring 126 
is secured to second end 1 18 of pivot bar 114 while second end 130 of second spring 126 
is secured to a mounting point 132 present on motor moxmting plate 104. 

A motor 134 is positioned atop motor mounting plate 104. Motor 134 includes a 
20 motor housing 136, a gear reduction section 138 and a pinion gear 140. Pinion gear 140 
fits through an aperture 142 located in motor mounting plate 104 such that pinion gear 
140 engages with a toothed section 144 of sector gear 108. In some embodiments, sector 
gear 108 can be considered as a gear assembly that is configured to engage a valve stem. 

11 
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In some embodiments, a gear assembly can be considered as including not only sector 
gear 108 but also gear reduction section 138 of motor 134. 

When motor 134 is powered, pinion gear 140 engages toothed section 144 of 
sector gear 108 and drives sector gear 108 in a first direction that in some embodiments 
5 corresponds to opening globe valve 30 (see Figure 2). When sector gear 108 is driven in 
the first direction, first and second springs 120 and 126 can be extended or compacted 
from their equilibrium lengths. In the illustrated embodiment, both the first spring 120 
and the second spring 126 extend fi-om their equilibrium lengths when sector gear 108 is 
driven in the first direction. 

10 After motor 134 has been powered to stall, and the motor 134 is no longer 

powered, the first spring 120 and the second spring 126 drive sector gear 108 in a second 
direction that in some embodiments corresponds to closing globe valve 30 (see Figure 2). 
In some embodiments, the motive force for driving sector gear 108 in the second 
direction is provided at least in part by the first spring 120 and the second spring 126 

1 5 returning to their equilibrium length. 

Motor 134 can include a first mounting flange (not illustrated) that interacts with 
securement flange 146 to help secure motor 134 to motor mounting plate 104. A screw 
or other fastening member 148 can extend through a second mounting flange 150 and 
into a mounting hole 152 to additionally secure motor 134 to motor mounting plate 104. 

20 Actuator assembly 14 also includes an upper housing 154. 

Motor 134 is best illustrated in Figures 5 and 6. Figure 5 is a perspective view 
and Figure 6 is a top view of motor 134 with motor housing 136 (see Figure 4) removed. 
In the illustrative embodiment, motor 134 has a radially centered shaft 156 that rotates 
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with motor 134. A flexible structure 158 is centered on and mounted to radially centered 
shaft 156. As best seen in Figure 6, flexible structure 158 includes a straight portion 160 
having a first end 162 and a second end 164. A first curved arm 166 having a thickened 
portion 168 extends fi-om first end 162 of straight portion 160 and a second curved arm 
5 170 having a thickened portion 172 extends fi-om second end 164 of straight portion 160. 

Flexible structure 158 can be formed of any suitable material. In some 
embodiments, flexible structure 158 can be formed of a material such as natural or 
synthetic rubber. In particular, flexible structure 158 can be formed of a material that 
will permit first curved arm 166 and second curved arm 170 to move radially outward 

10 under centrifiigal force as the rotational velocity of motor 134 increases. As first and 
second curved arms 166 and 170 continue to move radially outward in response to 
increasing rotational velocity, first and second thickened portions 168 and 172 can 
fnctionally engage with the inside surface of motor housing 136 (see Figure 4) and can 
thus lessen or limit rotational velocity of motor 134 as measured as a rotational velocity 

15 of radially centered shaft 1 56. 

In some embodiments, first and second curved arms 166 and 170 will move 
sufficiently far to permit first and second thickened portions 168 and 172 to fiictionally 
engage the inside surface of motor housing 136 at a rotational velocity of the radially 
centered shaft 156 at about 1000 rpm. In some embodiments, the first and second 

20 thickened portions 168 and 172 may be adapted to fiictionally engage the inside surface 
of motor housing 136 at a rotational velocity of the radially centered shaft 156 at about 
900 rpm, at a rotational velocity of about 800 rpm, or less. While these rotational 
velocities are provided as examples, it is contemplated that the first and second thickened 
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portions 168 and 172 may be adapted to frictionally engage the inside surface of the 
motor housing 136 (see Figure 4) at any suitable rotational velocity of the radially 
centered shaft 156, depending on the appHcation. 

In some embodiments, flexible structure 158 is configured to permit the biasing 
structure such as the first spring 120 and the second spring 126 (see Figure 4) to drive 
globe valve 130 (see Figure 2) from an open position to a closed position in a period of 
time sufficiently long to reduce or even eliminate water hammer. For example, and in 
some embodiments, flexible structure 158 may limit the closing time of the valve to at 
least about 4 seconds. In other embodiments, flexible structure 158 can limit the closing 
time of the valve to at least about 8 seconds, about 10 seconds, or even longer, as desired. 

A motor 134 including gear reduction section 138 and flexible structure 158 is 
available commercially from, for example, SAM WOO, with part mmiber 021009. This 
particular motor is a 24 volt, 60 Hz motor using about 5 watts of power. This motor has a 
pinion gear speed, after gear reduction, of 4 rpm or 6 rpm when fully powered. However, 
other suitable motors are also available, as desired. 

A valve assembly 10 exhibiting reduced or eliminated water hammer can be 
produced by combining valve 12 with actuator assembly 14 including motor 134 as 
described herein. For previously installed water delivery and water circulation systems, 
several methods are contemplated for retrofitting the valves to reduce or eliminate water 
hammer. In some embodiments, the original actuator assembly can be removed and a 
new actuator assembly, including motor 134, can be secured to the valve. In other 
embodiments, the original actuator assembly can be opened by removing upper housing 
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154 (see Figure 4), removing the originally installed motor by removing screw or other 
fastening mechanism 148, and installing a new motor 134. 

In the above Figures, the brake mechanism is shown as a governor located inside 
the motor housing, which uses friction to limit the retum speed of the valve. However, it 
5 is contemplated that the brake may be any sort of mechanism that limits the speed of 
valve movement, at least in one direction. For example, it is contemplated that the brake 
may include a governor that uses air pressure or magnetic forces to limit the valve speed. 
In one example, an electrical load may be selectively applied to the terminals of the 
motor, such as when the motor is not actively driven to close or open the valve. When 

10 the electrical load is applied to the terminals, the motor coils may have to drive the load 
when the motor tums, thus limiting the speed of motor and thus valve movement. 

In another illustrative embodiment, the brake may include a transmission or the 
like that changes the gearing ratio of the actuator assembly depending on the direction of 
movement or speed of the valve. In another illustrative embodiment, an electrical drive 

15 signal may be applied to the motor one or more times while the motor is otherwise un- 
powered and the springs are closing the valve. In some embodiments, the electrical drive 
signal may include a number of sequential pulses. This may tend to selectively activate 
the motor, thus slowing the retum speed of the motor and thus the valve. 

It is contemplated that the present invention may also be applied to a variety of 

20 other actuators, such as damper actuators used to actuate air dampers within air ducts. 
The reduced retum speed of the motor may, for example, reduce the retum speed of the 
air damper, which may not only help reduce wear on the damper actuator, but may also 
help reduce damper blade speed for safety reasons. 

15 



H0004497-9986( 1161.1155101) 

The invention should not be considered hmited to the particular examples 
described above, but rather should be understood to cover all aspects of the invention as 
set out in the attached claims. Various modifications, equivalent processes, as well as 
numerous structures to which the invention can be applicable will be readily apparent to 
5 those of skill in the art upon review of the instant specification. 
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